A gyre in the brine pool that occupies the crater of Cheops mud volcano, Nile Deep Sea Fan, at 3-km water depth. The gyre is about 2-m across, and shows sulfur-rich white "foam" accumulations, thought to be produced by bacterial activity. Individual seeps show ecosystem zonation related to the strength of the methane flux and distinct biogeochemical processes in surface sediments. A feature common to many seeps is the formation of authigenic carbonate constructions. These constructions exhibit various morphologies ranging from large pavements and fragmented slabs to chimneys and mushroom-shaped mounds, and they form hard substrates colonized by fixed fauna. Gas hydrate dissociation could contribute to sustain seep chemosynthetic communities over several thousand years following large gas-release events.
INTRoDUCTIoN
Since the first discovery of a hydrocarbon-associated cold seep community off Louisiana (Kennicut et al., 1985) , hydrocarbon seepage and its close association with "hotspots" of increased biological activity have been documented at a number of seafloor sites worldwide (Judd and Hovland, 2007) (Crane et al., 1995) as a circular, 1-km diameter feature in side-scan sonar images, the HMMV has been the target of numerous research expeditions.
The mud and fluid expelled from the volcano may arise from a source depth of 2-3 km below the seabed within overpressurized oozes lying below glacial deposits. Milkov et al. (1999) compiled the first map of the HMMV landscape from video and photo surveys. Further fieldwork revealed concentric zones of seafloor morphology, litho-types, and geochemical and biological processes (Milkov et al., 2004; De Beer et al., 2006; Jerosch et al., 2007) , and demonstrated exceptionally high activity of mud, fluid, and gas ejections through the surface of the volcano . Geothermal modeling indicates current aqueous flow rates of up to 4-10 m y -1 at the center of the volcano (Feseker et al., 2008) , rapidly decreasing to less than 1 m y -1 on its perimeter. The expelled fluid is saturated with methane, mainly of biogenic origin, and gas hydrate is abundant in the subsurface , which is among the highest rates ever measured at seeps. However, the zones where such high rates occur are limited to a few decimeters, probably representing the central pathways for gas escape.
Blocks of methane-derived authigenic carbonates, as previously reported by Mazzini et al. (2006) for the same area and also documented from Norwegian Trench pockmarks , occupy most of the pockmarks a Mediterranean Ridge accretionary prism (Cita et al., 1981) and in its central area within the well-known Olimpi mud volcano field (Cita and Camerlenghi, 1990; Ivanov et al., 1996; Huguen et al., 2004) .
Analysis of materials from the latter, retrieved during Ocean Drilling Program
Leg 160, showed that they have been extruding mud, fluids, and gas for at least the last million years, during dewatering of the accretionary prism from depths of up to 7 km (Robertson et al., 1996) . were investigated Zitter et al., 2005; Dupré et al., 2007) .
A feature of the Mediterranean Sea is the widespread occurrence of thick salt-rich strata deposited during the desiccation event that occurred in the area in Messinian times, during the latest Miocene between 5.3 and 6 Ma (Hsu et al., 1973; Ryan, 1978; Sage and Le Touzey, 1990 ). This environmental crisis led to the deposition of evaporitic sequences of carbonates, laminated and selenetic gypsum, halite, and potash salts in different morphostructural settings (e.g., shallow basins, deep basins) (Hsu et al., 1973) 
The Nile Deep Sea Fan (NDSF)
Along the Mesozoic rifted continental margin of northern Egypt, sedimentary basins were subject to rapid subsidence and abundant sedimentation, leading to the burial of thick accumulations of organic-rich sediments and the formation of hydrocarbons (Dolson et al., 2001 ). Deposition of evaporites during the Messinian (Hsu et al., 1973; Ryan, 1978; Sage and Letouzey, 1990 ) sealed the petroleum system. Hydrocarbons combined with water and mud were later released through faults piercing the Messinian evaporites and forming preferential conduits to the seabed (Loncke et al., 2004) . Additionally, during the Messinian, the margin was incised by large-scale canyons that were infilled later by Pliocene sediments and have subsequently formed hydrocarbon reservoirs (Aal et al., 2001; Dolson et al., 2002) . At present, the Nile Deep Sea Fan is a sedimentary edifice more than 10-km thick (Aal et al., 2001; Mascle et al., 2003; Camera, in press ).
The NDSF hosts numerous active fluid/brine escape structures (Loncke et al., 2004; Bayon et al., in press; Huguen et al., in press ), including several large gas-emitting mud volcanoes (Dupré et al., 2007) . These latter features 
A Frontier Area: The Calabrian Arc
In contrast to other eastern Mediterranean accretionary prisms, the seabed of the Calabrian Arc had not been investigated for almost 25 years prior to the HERMES project (Stride et al., 1977; Rossi and Sartori, 1981) , and mud volcanoes had not been identified, although their presence were suspected (Fusi and Kenyon, 1996; Sartori, 2003) . Ivanov et al., 1996) .
In the northwestern Black Sea, hundreds of active gas seeps occur along the shelf edge west of the Crimea peninsula at water depths between 35 and 800 m (Ivanov et al., 1989; Egorov et al., 1998) . At some of the shallow Crimean seeps, microbial mats were found associated with isotopically light carbonates. Aspects of the microbiology, sedimentology, mineralogy, and selected biomarker properties of these deposits were recently described (Pimenov et al., 1997; Michaelis et al., 2002; Treude et al., 2005 Treude et al., , 2007 . (Ivanov et al., 2007) . The model assumes that,
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Zone in which hydrate has been formed in various modes depending on lithology and structure Figure 10 . Illustration of a pockmark and underlying chimney during a phase of active expulsion of free gas. The passage of free gas through the hydrate stability zone is aided by the formation of hydrate around the pathways through which the gas is passing, inhibiting access of the gas to pore water and preventing conversion of all the gas to hydrate. Progressive formation of hydrate and carbonate near the seabed seals pathways, causing an outward migration of the active gas vents. . Consumption rates of methane by in situ chemosynthetic biota vary greatly and are species dependent (Torres et al., 2002; Boetius and Suess, 2004) , but a rate of a few tenths of a mol m -2 yr -1 appears to be sufficient for some species (Niemann et al., 2006a) . Figure 11 . Illustration of a pockmark and underlying chimney when only pore water is migrating through the system. Methane from hydrate created during the free-gas expulsion phase keeps the methane in solution in the migrating pore water at saturation concentration, supporting chemosynthetic biota in the pockmark, until all the hydrate is removed in solution. This process may continue for thousands of years, with only moderate amounts of hydrate and concentration of methane in solution in the pore water entering the chimney from below. Figure 12 . Schematic representation of the control of methane concentration beneath the seabed by the initial concentration of methane in solution in upwardly migrating pore water, the presence of hydrate, and sulfate in the seawater. The concentration of dissolved methane in the rising pore water controls the depth at which hydrate begins to form. If it is less than the lowest value of methane solubility, then all previously formed hydrate will be removed, but the rate of removal depends upon the degree to which the pore water is undersaturated and the rate of pore-water flow.
variability of seepage activity. In the absence of free gas, methane hydrate in sediment beneath cold seeps may regulate the methane flux and sustain communities of chemosynthetic biota for periods of several thousand years at sites where hydrate formed during past gas release events.
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